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
,QWURGXFWLRQ
1RZDGD\V GXH WR WKH KLJK OHYHO RI PDUNHWV
FRPSHWLWLYHQHVVFRPSDQLHVDUHVHHNLQJIRU LPSURYHPHQW LQ
WKHLUSHUIRUPDQFH DQG WKHLUSURFHVVHV HIILFLHQF\ LQRUGHU WR
UHPDLQFRPSHWLWLYHDQGPHHWWKHFXVWRPHUUHTXLUHPHQWV/HDQ
DSSURDFKHVDUHEHFRPLQJRQHRIWKHPRVWXVHGPHWKRGRORJLHV
WRRSWLPL]HSURFHVVHVDQGGHFUHDVHZDVWHV
7KH/HDQFRPSDQ\XQGHUVWXG\LQWKLVSDSHULVIDFLQJORZ
OHYHOV RI SURGXFWLYLW\ LQ WKH GHYHORSPHQW SURFHVV RI ZRUN
LQVWUXFWLRQV NQRZQ E\ WKLV FRPSDQ\ DV &RQWURO DQG
)DEULFDWLRQ,QVWUXFWLRQV&),DQGDOVRLQSURFHGXUHVFDOOHG
6WDQGDUG:RUN6KHHWV6:67KLVLVGXHWRWKHKLJKOHYHORI
UHVRXUFHV DQG PDQKRXUV XVHG RQ WKHVH GHYHORSPHQW
SURFHVVHV 1RQVWDQGDUGL]HG DQG PDQXDO RSHUDWLRQV DQG
0LFURVRIW([FHOVKHHWVVXSSRUWWKLVGHYHORSPHQWDQGUHVXOWLQ
LQDFFXUDWHLQIRUPDWLRQWKDWLVGLIILFXOWWRDFFHVVFRQVXPHVWRR
PXFK WLPH DQG UHVRXUFHV DQG KDV KLJK YDULDELOLW\ DQG
LUUHJXODULW\$GGLWLRQDOO\XVLQJWKHH[FHOVRIWZDUHHJ9%$
DQGPDFURVUHVXOWVLQVHYHUDOSUREOHPVZLWKWKHLQWHJUDWLRQ
RI WKLV WRRO ZLWK RWKHU FRPSDQ\ LQIRUPDWLRQ V\VWHPV 7KLV
FUHDWHV GLIILFXOW\ LQ WKH DUWLFXODWLRQ RI VWDQGDUG ZRUN
LPSOHPHQWDWLRQZLWKUHDOWLPHXSGDWHGLQIRUPDWLRQUHJDUGLQJ
&),SURGXFWLRQTXDQWLWLHVDQGUHVRXUFHVDYDLODELOLW\
7KH DLP RI WKLV SDSHU LV WR SUHVHQW DQ RQJRLQJ SURMHFW
RULHQWHG WR WKH DXWRPDWLRQ RI WKH DERYHPHQWLRQHG WRROV
WKURXJKWKHGHYHORSPHQWRIDQLQIRUPDWLFVV\VWHPWKDWZLOOEH
LQWHJUDWHGZLWKWKH(QWHUSULVH5HVRXUFH3ODQQLQJ(53DQG
RWKHUVLQIRUPDWLRQDQGPDQDJHPHQWV\VWHPVLQWKHFRPSDQ\
$VWKHSURMHFWLVMXVWEHJLQQLQJWKHUHVHDUFKPHWKRGRORJ\
DGRSWHGZDVWKHFDVHVWXG\,QDILUVWSKDVHWKHULJKWTXHVWLRQV
PXVWEHDVNHGWRGLDJQRVHKRZ&),DQG6:6SURFHVVHVLQWKH
FRPSDQ\KDYHEHHQGHYHORSHGDQGLGHQWLI\WKHPDLQSUREOHPV
DVVRFLDWHGZLWKLW
7KH SDSHU LV VWUXFWXUHG LQ ILYH VHFWLRQV $IWHU D EULHI
LQWURGXFWLRQVHFWLRQWZRSUHVHQWVDOLWHUDWXUHUHYLHZDERXWWKH
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FRQFHSWV UHODWHG ZLWK WKH VWXG\ 6HFWLRQ WKUHH H[SODLQV WKH
UHVHDUFK PHWKRGRORJ\ DQG WKH IRXUWK VHFWLRQ GHVFULEHV WKH
FDVHVWXG\)LQDOO\LQWKHODVWVHFWLRQFRQFOXVLRQVDQGIXWXUH
ZRUNDUHGUDZQ
/LWHUDWXUH5HYLHZ
7KLVEULHIOLWHUDWXUHUHYLHZDSSURDFKHVWKH/HDQ3URGXFWLRQ
PHWKRGRORJ\WKH6WDQGDUG:RUNWKHSURFHVVGRFXPHQWDWLRQ
WKH DXWRPDWLRQ RI &RQWURO DQG )DEULFDWLRQ ,QVWUXFWLRQV DQG
6WDQGDUG :RUN 6KHHWV JHQHUDWLRQ SURFHVVHV DV ZHOO DV
RSWLPL]DWLRQ DOJRULWKPV 7KHVH WKHPHV VXSSRUW WKH RQJRLQJ
SURMHFWDQGVROXWLRQVWREHGHYHORSHG
2.1. Lean Production 
/HDQ 3URGXFWLRQ LV DQ RUJDQL]DWLRQ PDQDJHPHQW
PHWKRGRORJ\ WKDWKDG LWV URRWV LQ WKHZRUNRI7DLLFKL2KQR
DQG6KLJHR6KLQJRZKLFKFRQFHLYHGDQGSHUIHFWHGWKH7R\RWD
3URGXFWLRQ6\VWHP736DIWHUWKH6HFRQG:RUOG:DUSHULRG
>@ D FKDOOHQJLQJ DQGGHPDQGLQJSHULRG IRU WKH -DSDQHVH
HFRQRP\ ,W EHFDPH D VXFFHVVIXO DSSURDFK DQG KDV EHHQ
JOREDOO\VSUHDGDFURVVPDQ\GLIIHUHQWVHFWRUV7KH736ZKLOH
HQDEOLQJIRUJUHDWHUSURGXFWLRQIOH[LELOLW\DORQJZLWKTXDOLW\
DVVXUDQFHDQGWLPHO\GHOLYHULHVGRPRUHZLWKOHVVUHVRXUFHV
)RUWKLVUHDVRQZDVFDOOHG/HDQ3URGXFWLRQ>@7KH736ZDV
GHVLJQHGE\7R\RWDLQDZD\WKDWIHZHUDQGIHZHUUHVRXUFHV
ZRXOGEHUHTXLUHGLQRUGHUWRGHOLYHUWKHULJKWSURGXFWVDWWKH
ULJKW WLPHDQGDW WKH VKRUWHVWSRVVLEOHGHDGOLQH WKURXJK WKH
HOLPLQDWLRQRIDOOW\SHVRIZDVWHV2KQR>@FRQVLGHUHGZDVWHV
WKH DFWLYLWLHV WKDW GR QRW DGG YDOXH WR WKH SURGXFWV DQG
FODVVLILHGWKHPLQVHYHQFDWHJRULHVRYHUSURGXFWLRQRYHU
SURFHVVLQJ  WUDQVSRUWDWLRQ  GHIHFWV  PRWLRQ 
LQYHQWRU\DQGZDLWLQJ/DWHURQ/LNHULGHQWLILHGDQH[WUD
ZDVWHLHXQWDSSHGKXPDQSRWHQWLDO>@
7R V\VWHPDWLFDOO\ HOLPLQDWH WKHVH ZDVWHV :RPDFN DQG
-RQHV >@ KDYH GHVLJQHG WKH /HDQ SULQFLSOHV  9DOXH 
9DOXH6WUHDP)ORZ3XOOSURGXFWLRQDQG3XUVXLWRI
3HUIHFWLRQ 7KHVH SULQFLSOHV KDSSHQ F\FOLFDOO\ DQG WKH ODVW
RQHRSHQVWKHGRRUWRWKHFRQWLQXRXVLPSURYHPHQWNQRZQDV
NDL]HQ$QGZKRLVFDSDEOHRIGRLQJWKLV"3HRSOHVHULRXVO\
FRPPLWWHG ZLWK /HDQ DQG QRW VDWLVILHG ZLWK WKH VWDWXVTXR
EHFRPHFUHDWLYHDQGEHFRPHWKLQNHUV>@
+RZHYHU HYHQ WKH EHVW UHVXOWV DFKLHYHG E\ /HDQ
FRPSDQLHV DOO RYHU WKHZRUOG KDYH QRW FRQYLQFHG WKHPRVW
VNHSWLFDO>@1HYHUWKHOHVVLWVHHPVRQO\DPDWWHURIWLPHIRU
D ODUJHUDGRSWLRQRI/HDQZLWKVRPDQ\VWXGLHVDQGUHSRUWV
SRLQWLQJRXW WKH EHQHILWV RI/HDQ DQG DGYRFDWLQJ WKDW/HDQ
LPSOHPHQWDWLRQLVDPDMRUHQDEOHUIRUPRYLQJPDQXIDFWXULQJ
RSHUDWLRQV IURPRYHUVHDVDQG UHPDLQFRPSHWLWLYH >@$OVR
/HDQLVPXOWLGLVFLSOLQDU\>@
2.2. Standard Work  
6WDQGDUGL]DWLRQLVWKHSUDFWLFHRIVHWWLQJFRPPXQLFDWLQJ
IROORZLQJ DQG LPSURYLQJ VWDQGDUGV >@ ³2QH PXVW
VWDQGDUGL]HDQGWKXVVWDELOL]HWKHSURFHVVEHIRUHFRQWLQXRXV
LPSURYHPHQWVFDQEHPDGH´>@7KDWLVWRVD\WKDWVWDQGDUGV
IRUPWKHEDVHOLQHIURPZKLFKDOOWKHLPSURYHPHQWDFWLYLWLHV
WDNHSDUWLQWKHFRQWLQXRXVLPSURYHPHQWSURFHVV+RZHYHULI
ZHWKLQNVWDQGDUGVDUHFRQILQLQJWKHQSURJUHVVZRXOGQRWWDNH
SODFHDV0U7DLLFKL2KQRVDLG³:KHUHWKHUHLVQRVWDQGDUG
WKHUH FDQQRW EH LPSURYHPHQW´ >@ :LWK WKH VWDQGDUG WR
PHDVXUHDJDLQVWWKHUHZRXOGEHDSURFHVVWRGHSHQGRQDQGD
ZD\WRNQRZKRZWRLPSURYHLWRUZKHWKHURUQRWLWKDGEHHQ
LPSURYHG
6WDQGDUG ZRUN LV GHILQHG DV D VHW RI ZRUN SURFHGXUHV
HVWDEOLVKLQJWKHEHVWPHWKRGVDQGVHTXHQFHVIRUHDFKSURFHVV
DQGHDFKZRUNHU>@/LNHDOOWKH/HDQSURGXFWLRQPHWKRGV
VWDQGDUG ZRUN DLPV WR PLQLPL]H ZDVWH ZKLOH PD[LPL]LQJ
SHUIRUPDQFHLQWKHZRUNORDGDQGRSHUDWLRQRIHDFKZRUNHU,W
LVDWRROXVHGLQFHOOXODUPDQXIDFWXULQJDQGSXOOSURGXFWLRQLQ
RUGHUWRNHHSWKHSDFHRISURGXFWLRQOLQHGXSZLWKWKHIORZRI
FXVWRPHU RUGHUV DQG LQ VXFK D ZD\ WKDW WKH RSHUDWRUV FDQ
HDVLO\ FKDQJH SRVLWLRQV ZLWKLQ WKH SURFHVV 6WDQGDUG ZRUN
LQYROYHVWKUHHNH\HOHPHQWV>@
x 7DNW7LPHLVWKHUDWHRISURGXFWLRQLQKDUPRQ\ZLWKWKH
SXOVHRIFXVWRPHURUGHUV³7DNW´LVWKH*HUPDQZRUGIRUD
PXVLFDOEHDWRUUK\WKP$QGDVWKHPHWURQRPHNHHSVWKH
EHDW IRU PXVLF ZRUNLQJ WR WDNW WLPH NHHSV WKH EHDW IRU
FXVWRPHU GHPDQG >@ 7KXV UHVXOWLQJ LQ D VWHDG\ DQG
VPRRWK IORZ RI JRRGV 7DNW WLPH LV QRW PHDVXUHG RU
REVHUYHG EXW FDOFXODWHG DV WKH TXRWLHQW RI WKH DYDLODEOH
WLPHE\WKHRXWSXWUHTXLUHG>@0DQDJLQJSURGXFWLRQWR
WDNW WLPH DOORZV WR GHWHFW DQ\ DEQRUPDO FRQGLWLRQ DQG
UHVSRQGDFFRUGLQJO\7RGHVFULEHDQGFDOFXODWHWKHUDWHRI
SURGXFWLRQWKHUHDUHVHYHUDOGHILQLWLRQVWRXQGHUVWDQGWRWDO
F\FOH WLPH RSHUDWLRQ F\FOH WLPH RSHUDWRU F\FOH WLPH
PDFKLQHF\FOH WLPHHQGRIOLQHUDWH WDNW WLPHDQGSLWFK
Total Cycle time LV WKH WLPHIURPZKHQ WKH UDZPDWHULDO
HQWHUVDSODQWXQWLODILQLVKHGSURGXFWLVVKLSSHG>@
x 6WDQGDUGZRUNVHTXHQFH,WLVWKHRUGHULQZKLFKWKHVHW
RIWDVNVLVGRQHLQDJLYHQSURFHVVDQGUHSUHVHQWWKHVDIHVW
DQGWKHEHVWZD\WRGRLW(DFKZRUNHUSHUIRUPVWKHVHWDVNV
UHSHDWHGO\ DQG FRQVLVWHQWO\ RYHU WLPH PDNLQJ LW PRUH
HIILFLHQW DQG UHYHDOLQJ DGGLWLRQDO LPSURYHPHQW
RSSRUWXQLWLHV >@ 7R GLVWULEXWH ZRUN OLQH EDODQFLQJ LV
GRQHWRGHWHUPLQHWKHQXPEHURIZRUNHUVQHHGHGRQHDFK
OLQHRUFHOOWRPHHWWKHWDNWWLPHDQGWRHQVXUHWKDWHYHU\
ZRUNHULVZHOOXVHGWKDWVRPHZRUNHUVDUHQRWGRLQJWRR
PXFKLQFRPSDULVRQWRRWKHUVDQGWKDWGRZQWLPHVGRQRW
RFFXU>@
x 6WDQGDUG ZRUNLQSURFHVV LQYHQWRU\ 3URYLGH WKH
PLQLPXP DPRXQW RI LQYHQWRU\ WR PDLQWDLQ WKH SDFH RI
SURGXFWLRQ LQ D FRQWLQXRXV IORZ DQGZLWKRXW LGOH WLPHV
7KH NDQEDQ V\VWHP KHOSV WR UHGXFH WKLV DPRXQW WR WKH
PLQLPXP([FHVVLQYHQWRU\ZLOOVORZGRZQWKHSDUWVDQG
RSHUDWRUVZLOOIDOOEHKLQGDQGWKHVDPHZLOOKDSSHQLIWKH
LQYHQWRU\LVQRWHQRXJK,QERWKFDVHVWKHUHVXOWZLOOEHD
GHFUHDVHLQSURGXFWLYLW\>@
³6WDQGDUG ZRUN SURYLGHV D EDVLV IRU FRQVLVWHQWO\ KLJK
OHYHOVRISURGXFWLYLW\TXDOLW\DQGVDIHW\´>@EHFDXVHLWLV
WKH FXOPLQDWLRQ RI WKH /HDQ SURGXFWLRQ SURFHVV 7KHUHIRUH
DIWHUWKHLPSOHPHQWDWLRQRI/HDQWRROVVXFKDV6DQGYLVXDO
FRQWUROTXLFNFKDQJHRYHUPLVWDNHSURRILQJWRWDOSURGXFWLYH
PDLQWHQDQFH -LGRND FHOOXODU PDQXIDFWXULQJ -,7SXOO
SURGXFWLRQZLWKNDQEDQORDGOHYHOLQJDQGOLQHEDODQFLQJDQG
PXOWLSURFHVV RSHUDWLRQV DQG PXOWLWDVN RSHUDWRUV
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VWDQGDUGL]DWLRQFRXOGEHDFKLHYHGDQGWKHEDVLVIRUFRQWLQXRXV
LPSURYHPHQW NDL]HQ LV VHW LQ PRWLRQ 2SHUDWLRQV FDQ EH
V\VWHPDWLFDOO\ LPSURYHG ZLWKRXW FUHDWLQJ FKDRV JDLQLQJ
DGKHUHQFHIURPHYHU\RQHZKHQDEHWWHUZD\LVIRXQG>@
6WDQGDUGZRUNUHTXLUHVWKHGHYHORSPHQWRIWKHIROORZLQJ
FKDUWV SDUWVSURGXFWLRQ FDSDFLW\ ZRUNWDEOH VWDQGDUG
RSHUDWLRQV FRPELQDWLRQ FKDUW ZRUN PHWKRGV FKDUW DQG
VWDQGDUG RSHUDWLRQV FKDUW RU VWDQGDUG ZRUN VKHHW 3DUWV
SURGXFWLRQFDSDFLW\ZRUNWDEOHUHSRUWVWKHSUHVHQWFDSDFLW\RI
HDFK RSHUDWLRQ LQ D FHOO LQ WHUPV RI SDUWV SURGXFWLRQ 7KH
VWDQGDUG RSHUDWLRQV FRPELQDWLRQ FKDUW UHODWHV WKH SUHYLRXV
ZRUNWDEOH LQIRUPDWLRQ ZLWK WKH PDFKLQH DQG PDQXDO
RSHUDWLRQVDQG WKHLU UHODWLRQVKLSZLWK WKHSURFHVV WLPH7KH
WKLUGFKDUW OLVWV WKHSURFHVVDW HDFKZRUNVWDWLRQ LQRUGHU WR
QHZZRUNHUVOHDUQFRUUHFWO\DQGTXLFNO\>@7KLVZRUNVKHHW
VKRXOGEHSRVWHGLQWKHZRUNDUHDWRHQVXUHWKDWWKHZRUNLV
DOZD\VGRQHLQWKHVDPHZD\UHJDUGOHVVRIWKHRSHUDWRUZKR
GRHVLW
7KH6WDQGDUG:RUNKDVVHYHUDOEHQHILWV LI LW LVFRUUHFWO\
DSSOLHG >@ WKH HVWDEOLVKPHQW RI D UHIHUHQFH SRLQW IURP
ZKLFK LW LV SRVVLEOH WR LPSURYH WKH SURFHVV FRQWURO WKH
UHGXFWLRQ LQ YDULDELOLW\ WKH LPSURYHPHQW RI TXDOLW\ DQG
IOH[LELOLW\ WKH VWDELOLW\ WKH YLVLELOLW\ RI DEQRUPDOLWLHV WKH
FOHDUH[SHFWDWLRQVDQGWKHFUHDWLRQRIDSODWIRUPIRUOHDUQLQJ
2.3. Process Documentation 
1RZDGD\V RQH RI WKH PRVW FRPSHWLWLYH DGYDQWDJHV LQ
RUJDQL]DWLRQVLVEDVHGRQWKHLUNQRZOHGJH.QRZOHGJHFDQEH
GHILQHGDVRQHRIWKHFULWLFDOIDFWRUVWKDWFDQGLIIHUHQWLDWHWKH
EHVW RUJDQL]DWLRQV +RZHYHU LW LV LPSRUWDQW WR WDNH LQWR
DFFRXQWWKDWDYDOXDEOHNQRZOHGJHPXVWEHKDUGWRUHSOLFDWH
DQGDERYHDOOLWLVHVVHQWLDOWRHQVXUHWKDWWKLVNQRZOHGJHKDV
QR VXEVWLWXWH >@ %HLQJ WKH NQRZOHGJH RQH RI WKH PRVW
FULWLFDO RUJDQL]DWLRQDO UHVRXUFHV NQRZOHGJH PDQDJHPHQW
SOD\VDNH\UROHLQVWUDWHJLFPDQDJHPHQWRQFHLWDOORZVWKH
RUJDQL]DWLRQDO OHDUQLQJ DQG SURPRWHV WKH DFKLHYHPHQW RI D
KLJKHUSHUIRUPDQFH>@.QRZOHGJHPDQDJHPHQWLVGHILQHG
E\$PHULFDQ3URGXFWLYLW\DQG4XDOLW\&HQWHU$34&DV³WKH
DSSOLFDWLRQ RI D VWUXFWXUHG SURFHVV WR KHOS LQIRUPDWLRQ DQG
NQRZOHGJHIORZWRWKHULJKWSHRSOHDWWKHULJKWWLPHVRWKH\
FDQDFWPRUHHIILFLHQWO\DQGHIIHFWLYHO\ WR ILQGXQGHUVWDQG
VKDUHDQGXVHNQRZOHGJHWRFUHDWHYDOXH´>@
,QLQGXVWULDOHQYLURQPHQWVWKHFRQVLVWHQF\LQRSHUDWLRQVLV
FUXFLDO IRU HQVXULQJ WKH RUJDQL]DWLRQV¶ FRPSHWLWLYHQHVV
:LWKRXW ZHOOGHILQHG SURFHVVHV WKH VDPH WDVN FDQ EH
SHUIRUPHGLQGLIIHUHQWZD\V)RUWKDWUHDVRQLWLVQHFHVVDU\WR
GRFXPHQW WKH H[LVWLQJ NQRZOHGJH LQ D VWDQGDUGL]HG ZD\
3URFHVV VWDQGDUGL]DWLRQ WKURXJK GRFXPHQWDWLRQ ZLOO
FRQWULEXWHWRHOLPLQDWHWKHSURFHVVYDULDELOLW\WKDWFDQSOHGJH
WKH TXDOLW\ DQG WKH HQWHUSULVH¶V SHUIRUPDQFH >@ 3URFHVV
GRFXPHQWDWLRQ LV WKHNH\ IRU LQFUHDVLQJ WKH SHUIRUPDQFH LQ
RUJDQL]DWLRQV$ZHOOGRFXPHQWHGSURFHGXUH FDQ FRQWULEXWH
IRU DQDO\]LQJ DQG LPSURYLQJ SURFHVVHV DOORZLQJ WKH
DFKLHYHPHQWRIFRQVLVWHQF\LQRSHUDWLRQV>@DVUHIHUUHG,Q
RUGHU WR HQVXUH DQ DFFXUDWH NQRZOHGJH VKDULQJ WKURXJK
SURFHVVGRFXPHQWDWLRQLWLVFUXFLDOWRPDNHWKHEHVWXVHRIWKH
KXPDQ DQG NQRZOHGJH UHVRXUFHV LQ WKH RUJDQL]DWLRQ ,W LV
EHOLHYHGWKDWDERXWRIWKHNQRZOHGJHLQDQRUJDQL]DWLRQ
LV RQO\ LQSHRSOH¶VKHDGV7KLV W\SHRINQRZOHGJHSOD\V DQ
LPSRUWDQWUROHLQWKHRUJDQL]DWLRQSHUIRUPDQFHUHDVRQZK\LW
LV LPSRUWDQW WR VWRS NQRZOHGJH ZDVWH .QRZKRZ
SUHVHUYDWLRQ FDQ EH HQVXUHG WKURXJK NQRZOHGJH FROOHFWLRQ
DVVRUWPHQWWUDQVIRUPDWLRQVWRUDJHDQGH[FKDQJH>@
$QHIIHFWLYHLQIRUPDWLRQVKDULQJLVQHFHVVDU\WRHQVXUHWKDW
ZRUNHUVSHUIRUPWDVNVFRUUHFWO\7KLVFDQEHDFKLHYHGWKURXJK
WKH LPSOHPHQWDWLRQRI&RQWURO DQG)DEULFDWLRQ ,QVWUXFWLRQV
ZKHUHLQIRUPDWLRQWKDWSURYLGHVNQRZOHGJHDERXWWKHSURFHVV
H[HFXWLRQFDQEHIRXQGLQRUGHUWRVWDQGDUGL]HWKHSURFHGXUHV
LQ DQ RUJDQL]DWLRQ >@ 7KH LPSOHPHQWDWLRQ RI VWDQGDUGV
SHUPLWVWKHSHUIRUPDQFHPHDVXUHPHQWWKHSUREOHPVIROORZ
XSDQGWKHLGHQWLILFDWLRQDQGHOLPLQDWLRQRIWKHLUURRWFDXVHV
>@ $VVHPEO\ &), DUH XVHG WR SURYLGH LQIRUPDWLRQ DERXW
KRZ GLIIHUHQW FRPSRQHQWV DUH FRQQHFWHG WR HDFK RWKHU LQ
RUGHUWRPDNHVXUHWKDWWKHZRUNHUVSHUIRUPWKHWDVNFRUUHFWO\
7KH XVH RI VWDQGDUGL]HG &), DOORZV WKH FUHDWLRQ RI ZHOO
GHILQHG SURFHVVHV DQG SURPRWHV WKHLU FRQWLQXRXV
LPSURYHPHQW)XUWKHUPRUHDVWDQGDUGL]HG&),PXVWFRQWDLQ
UHOHYDQW LQIRUPDWLRQ VXFK DV WKH RSHUDWLRQ WLPH WDNW WLPH
GHILQHGE\WKHPDUNHWGHPDQGDQGWKHRSHUDWLRQVHTXHQFHWR
SHUIRUPDQDFFXUDWHZRUN>@
2.4. Automation of Control and Fabrication Instructions and 
Standard Work Sheets Generation Processes 
,Q WKH ODVW \HDUV WKH ZD\ RI LOOXVWUDWLQJ &), KDV EHHQ
FKDQJLQJ7KHJURZWKRIWHFKQLFDOGHYHORSPHQWVDOORZHGWKH
WUDQVLWLRQ IURP WUDGLWLRQDO SDSHU &), WR WKH XVH RI '
YLVXDOL]DWLRQV7KHLPSOHPHQWDWLRQRI'YLVXDO&),SURYLGHV
VHYHUDO EHQHILWV WR DQ RUJDQL]DWLRQ VXFK DV LQFUHDVHG
SURGXFWLYLW\FRVWVDYLQJVDQGDKLJKHUFRQWUROOHYHOLQWHUPV
RIHUURUVWUDFHDELOLW\7KURXJKWKHWHFKQRORJ\HYROXWLRQLWLV
SRVVLEOHWRPDNHFKDQJHVLQWKH&),DQGWKHFRUUHFWSURFHVV
FDQ EH VHHQ E\ WKH ZRUNHUV LQ UHDOWLPH DYRLGLQJ ZDVWHV
FDXVHGE\GHOD\VDQGHUURUV>@
7KHUHDUHVHYHUDOUHFHQWVWXGLHVDERXWWKHHIIHFWLYHQHVVRI
XVLQJDQLPDWLRQVWRGHVFULEHDVVHPEO\WDVNVLQRUGHUWRDVVHVV
WKH JDLQ RI SHUIRUPDQFH DQG SURGXFWLYLW\ DV ZHOO DV WKH
UHGXFWLRQRIRSHUDWLRQWLPHVDQGFRVWVWKDWFDQUHVXOWIURPWKH
LPSOHPHQWDWLRQ RI LQVWUXFWLRQDO DQLPDWLRQV )RU LQVWDQFH D
VWXG\FDUULHGRXWWRHYDOXDWHWKHHIIHFWLYHQHVVRIWKLVNLQGRI
&), FRQFOXGHG WKDW LQ VRPHFDVHV DQLPDWLRQV FDQSURGXFH
PRUHFRQVLVWHQWDQGHUURUIUHHRSHUDWLRQVZKHQXVHGGXULQJ
WKHOHDUQLQJSURFHVV>@$QRWKHUVWXG\KDVJRQHIXUWKHUDQG
HYDOXDWHG WKH LQWHJUDWLRQ RI $XJPHQWHG 5HDOLW\ DQG '
EDUFRGHYLVXDOL]DWLRQ WHFKQRORJLHV LQ&),,WZDVFRQFOXGHG
WKDWWKLVLQQRYDWLRQFRXOGUHSUHVHQWDKLJKHUOHYHORITXDOLW\
UHGXFHG WLPHV PRUH SUHFLVH WDVN SHUIRUPDQFH DQG FRVW
HIIHFWLYHQHVV>@
7KH LPSRUWDQFH RI WKH LQWHUDFWLRQ EHWZHHQ KXPDQ DQG
PDFKLQHKDVEHHQJURZLQJDVWKHWHFKQRORJ\GHYHORSV7KHUH
DUHDORWRIFULWLFDOIDFWRUVWKDWKDYHWREHFRQVLGHUHGGXULQJ
WKH GHVLJQ RI D WHFKQRORJLFDO VROXWLRQ WKDW LQWHUDFWV ZLWK
ZRUNHUVLQDQLQGXVWULDOHQYLURQPHQW,WLVYLWDOWRHQVXUHWKH
DFFXUDF\ RI WKH SURYLGHG LQIRUPDWLRQ LQ RUGHU WR DOORZ D
FRUUHFW LQWHUSUHWDWLRQ RI WKH LQVWUXFWLRQV DQG VLPSOLI\ WDVNV
H[HFXWLRQ $ ODFN RI FRPPXQLFDWLRQ EHWZHHQPDFKLQH DQG
KXPDQFDQUHVXOWLQHUURUWKDWFDQSOHGJHWKHTXDOLW\RIILQDO
SURGXFW)RUWKLVUHDVRQLWLVHVVHQWLDOWRPDNHVXUHWKDWWKH
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V\VWHPSURYLGHVHYHU\LPSRUWDQWLQIRUPDWLRQWRWKHZRUNHUV
LQRUGHUWRDYRLGWKHKXPDQHUURUV>@
2.5. Optimization Methods 
,Q RUGHU WR REWDLQ WKH RSWLPDO ZRUN VHTXHQFH ZKLOH
DYRLGLQJ GRZQWLPHV DQG KDYLQJ HTXDOZRUNORDG GLVWULEXWHG
EHWZHHQRSHUDWRUV VRPHH[LVWLQJRSWLPL]DWLRQPHWKRGV FDQ
EHFRQVLGHUHGVXFKDV
x /LQHDU 3URJUDPPLQJ /3 :KLFK KDV EHHQ XVHG IRU
RSWLPL]DWLRQRIOLQHDUDVVHPEO\OLQHVHJ>@DQGSURYHV
LWVHOIXVHIXOEXWLVOLPLWHGWRLQWHJHUSURFHVVYDOXHV
x %UDQFK DQG %RXQG %% RU %	% 7KH DOJRULWKP
H[SORUHVbranchesRIDURRWHGWUHHZKLFKUHSUHVHQWVXEVHWV
RI WKH VROXWLRQ VHW %HIRUH HQXPHUDWLQJ WKH FDQGLGDWH
VROXWLRQVRIDEUDQFKWKHEUDQFKLVFKHFNHGDJDLQVWXSSHU
DQGORZHUHVWLPDWHGboundsRQWKHRSWLPDOVROXWLRQDQGLW
LVGLVFDUGHGLILWFDQQRWSURGXFHDEHWWHUVROXWLRQWKDQWKH
EHVWRQHIRXQGVRIDUE\WKHDOJRULWKP$K\EULGDSSURDFK
RIWKLVPHWKRGZDVDSSOLHGWRDQDVVHPEO\OLQHWRDFKLHYH
IDVWHUVROXWLRQV>@
x 7DEX6HDUFK767KLVPHWKRGWDNHVDSRWHQWLDOVROXWLRQ
WRWKHSUREOHPDQGFKHFNLWVLPPHGLDWHQHLJKERUVWKDWLV
VROXWLRQV WKDW DUH VLPLODU H[FHSW IRU RQH RU WZR PLQRU
GHWDLOVLQWKHKRSHRIILQGLQJDQLPSURYHGVROXWLRQ7KLV
NLQGRI ORFDOVHDUFKPHWKRGVKDYHD WHQGHQF\WREHFRPH
VWXFN LQ VXERSWLPDO UHJLRQV RU RQ SODWHDXV ZKHUH PDQ\
VROXWLRQV DUH HTXDOO\ ILW (YHQ ZLWK WKLV OLPLWDWLRQ WKH
DOJRULWKPFDQEHPRGLILHGDQGDSSOLHGWRWKHDVVHPEO\OLQH
SUREOHP>@
x 6LPXODWHG$QQHDOLQJ6$7KLVDSSURDFKLVHIIHFWLYHIRU
SUREOHPVZKHUHILQGLQJWKHSUHFLVHJOREDORSWLPXPLVOHVV
LPSRUWDQW WKDQ ILQGLQJ DQ DFFHSWDEOH ORFDORSWLPXP LQ D
IL[HGDPRXQWRIWLPH7KLVPHWKRGFDQEHDSSOLHGWRODUJH
SURGXFWLRQ OLQHV >@ $Q K\EULG LPSOHPHQWDWLRQ RI WKH
DOJRULWKPUHOLHVRQD WDEXOLVWDPXOWLQRPLDOSUREDELOLW\
PDVV IXQFWLRQ UHSDLU DOJRULWKPV DQG GLYHUVLILFDWLRQ
VWUDWHJ\IRUPXOWLREMHFWLYHRSWLPL]DWLRQ>@
x *HQHWLF$OJRULWKP *$*HQHWLF DOJRULWKPV EHORQJ WR
WKH ODUJHU FODVV RI HYROXWLRQDU\ DOJRULWKPV($ ZKLFK
JHQHUDWH VROXWLRQV WR RSWLPL]DWLRQ SUREOHPV XVLQJ
WHFKQLTXHV LQVSLUHG E\ QDWXUDO HYROXWLRQ VXFK DV
LQKHULWDQFH PXWDWLRQ VHOHFWLRQ DQG FURVVRYHU 7KLV
DSSURDFKFDQEHXVHGWRVROYHWKHDVVHPEO\OLQHSUREOHP
>@7RVROYHDEDODQFLQJSUREOHPZLWKVHYHUDOREMHFWLYHV
DQH[WHQVLRQRI WKH*$ZLWKPXOWLREMHFWLYHFDQEHXVHG
>@ 6RPH YDULDQWVZHUH GHYHORSHG EDVHG RQ VWXGLHV RI
LQVHFWV¶FRPPXQLWLHVVXFKDV$QW&RORQ\2SWLPL]DWLRQ
$&2 D SUREDELOLVWLFWHFKQLTXH IRU VROYLQJ
FRPSXWDWLRQDOSUREOHPVZKLFKFDQEHUHGXFHGWRILQGLQJ
JRRG SDWKV WKURXJK JUDSKV >@  %HH &RORQ\
2SWLPL]DWLRQ%&2RSWLPL]DWLRQPHWKRGWKDWFRQVLVWVLQ
DSRSXODWLRQEDVHGVHDUFKDOJRULWKPWKDWPLPLFVWKHIRRG
IRUDJLQJ EHKDYLRU RI KRQH\ EHH FRORQLHV ,Q LWV EDVLF
YHUVLRQ WKH DOJRULWKP SHUIRUPV D QHLJKERUKRRG VHDUFK
FRPELQHG ZLWK JOREDO VHDUFK DQG FDQ EH XVHG IRU ERWK
FRPELQDWRULDO RSWLPL]DWLRQDQGFRQWLQXRXV RSWLPL]DWLRQ
7KLVDSSURDFKFDQEHVXFFHVVIXOO\LPSOHPHQWHGWRDWZR
VLGHGDVVHPEO\OLQHEDODQFLQJSUREOHP>@
x 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ 362 7KLV NLQG RI
RSWLPL]DWLRQ LWHUDWLYHO\WULHV WR LPSURYH DFDQGLGDWH
VROXWLRQZLWKUHJDUGWRDJLYHQPHDVXUHRITXDOLW\,WVROYHV
DSUREOHPE\KDYLQJDSRSXODWLRQRI FDQGLGDWH VROXWLRQV
SDUWLFOHV DQG PRYLQJ WKHVH SDUWLFOHV DURXQG LQ
WKHVHDUFKVSDFH DFFRUGLQJ WR VLPSOHPDWKHPDWLFDO
IRUPXODHRYHU WKH SDUWLFOH
V SRVLWLRQ DQG YHORFLW\ (DFK
SDUWLFOH
VPRYHPHQWLVLQIOXHQFHGE\LWVORFDOEHVWNQRZQ
SRVLWLRQEXWLVDOVRJXLGHGWRZDUGWKHEHVWNQRZQSRVLWLRQV
LQWKHVHDUFKVSDFHZKLFKDUHXSGDWHGDVEHWWHUSRVLWLRQV
DUHIRXQGE\RWKHUSDUWLFOHV7KLVLVH[SHFWHGWRPRYHWKH
VZDUPWRZDUGWKHEHVWVROXWLRQV7KLVPHWKRGFDQDOVREH
DSSOLHG WR WKH DVVHPEO\ OLQH EDODQFLQJ SUREOHP IRU
SURGXFWLRQPD[LPL]DWLRQ>@
7RUHVXPHDOORSWLPL]DWLRQPHWKRGVSUHVHQWHGDERYHFDQ
EDODQFHDQDVVHPEO\OLQHLQWRPD[LPL]DWLRQRISURGXFWLRQ)RU
WKDW UHDVRQ D GHHS VWXG\ RI WKHLU DSSOLFDWLRQ WR VSHFLILF
SUREOHPVDQGWKHWLPHUHTXLUHGWRSURFHVVWKHRSWLPDODQGVXE
RSWLPDOVROXWLRQVKRXOGEHHYDOXDWHG
5HVHDUFKPHWKRGRORJ\
,QDILUVWSKDVHRIWKHSURMHFWDQGWRGHYHORSWKLVVWXG\LW
ZDV XVHG D FDVH VWXG\ DV D UHVHDUFK PHWKRGRORJ\ WKDW
DFFRUGLQJ WR <LQ >@ LV WKH PHWKRG WR FKRRVH ZKHQ WKH
RFFXUUHQFH SKHQRPHQRQ WR EH VWXGLHG LV QRW HDVLO\
GLVWLQJXLVKDEOH IURP LWV FRQWH[W )RU WKH DXWKRU ³Such a 
phenomenon may be a project or problem in an evaluation 
study´S>@<LQDOVRGHILQHGFDVHVWXG\DVDQHPSLULFDO
LQTXLU\ ZLWKLQ LWV UHDO OLIH FRQWH[W <LQ >@ GHILQHG IRXU
SKDVHV LQ WKHPHWKRGRORJ\ WRDSSO\ WKHFDVH VWXG\UHVHDUFK
VWUDWHJ\ZKLFKDUH'HVLJQWKHFDVHVWXG\&RQGXFWWKH
FDVH VWXG\  $QDO\]H WKH FDVH VWXG\ HYLGHQFH DQG 
'HYHORSWKHFRQFOXVLRQVUHFRPPHQGDWLRQVDQGLPSOLFDWLRQV
7KURXJKRXW WKH GHVLJQ RI WKH FDVH VWXG\ D SURWRFRO LV
VXJJHVWHGWRHQDEOHWKHILHOGZRUNLPSOLHGLQWKHDQDO\VLV)RU
7HOOLV>@DFDVHVWXG\SURWRFROSHUIRUPHGGXULQJWKHGHVLJQ
SKDVHFRQWDLQVWKHLQTXLU\LQVWUXPHQWEXWDOVRWKHSURFHGXUHV
DQG JHQHUDO UXOHV WKDW VKRXOG EH IROORZHG LQ XVLQJ WKH
LQVWUXPHQW <LQ >@ UHFRPPHQGHG WKDW WKH FDVH VWXG\
SURWRFROVKRXOGLQFOXGHWKHIROORZLQJVHFWLRQV2YHUYLHZ
RI WKH SURMHFW )LHOG SURFHGXUHV  3UHOLPLQDU\ UHVHDUFK
TXHVWLRQV*XLGHIRUWKHUHSRUWRIWKHFDVHVWXG\
,QWKHRYHUYLHZWKHSURMHFWREMHFWLYHVVKRXOGEHGHILQHG
7KHILHOGSURFHGXUHVDUHFRPSRVHGE\PHHWLQJVDQGYLVLWVWR
WKH VKRSIORRU LQWHUYLHZV RSHQ HQGHG DQGRU IRFXVHG
ZRUNVKRSVDQGWKHFROOHFWLRQRIFRPSDQ\GRFXPHQWV'XULQJ
GDWDFROOHFWLRQWKHLQYHVWLJDWRUPXVWNHHSLQPLQGWKHVSHFLILF
TXHVWLRQVWREHDQVZHUHGWKDWIRUWKLVFDVHVWXG\DUH
+RZDUH&),DQG676SURFHVVHVGHYHORSHGSHUIRUPHG"
:KDWDUHWKHSUREOHPVDVVRFLDWHGZLWKWKLV"
&DVH6WXG\
7KLV FDVH VWXG\ LV EHLQJGHYHORSHG LQ D FRPSDQ\ WKDW LV
LQYROYHG LQDKXJHILQDQFHGSURMHFWRI WKUHH\HDUVHQJDJLQJ
WKHFRPSDQ\DQGWKH8QLYHUVLW\RIWKH3DSHUV¶$XWKRUV7KLV
SURMHFWLQYROYHVXESURMHFWVEHLQJWKHRQHKHUHGHVFULEHG
RQHRIWKHVHSURMHFWV)RUHDFKSURMHFWLWZDVGHILQHGDWHDP
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WKDW LQFOXGHV PHPEHUV IURP WKH FRPSDQ\ DQG IURP WKH
XQLYHUVLW\ LQFOXGHV WHDFKHUV DQG VFKRODUVKLS KROGHUV 7KLV
SURMHFW LQFOXGHV WHDPPHPEHUV IURP WKHXQLYHUVLW\7KH
FRPSDQ\ SURGXFHV HOHFWURQLF FRPSRQHQWV IRU DXWRPRELOH
LQGXVWU\7KLVFRPSDQ\LVFRQWLQXDOO\VHDUFKLQJWRLPSURYHLWV
SURFHVVHVLQRUGHUWRPDLQWDLQLWVSRVLWLRQLQJLQDYRODWLOHDQG
FRPSHWLWLYHPDUNHW
7KLVSURMHFWREMHFWLYHLVWRLPSURYHWKHZD\&),DQG6:6
DUHGHYHORSHGDQGSHUIRUPHGLQRUGHUWRUHGXFHWKHUHVRXUFHV
XVHGDQGWKHHUURUVLQWURGXFHGE\WKHPDQ\PDQXDORSHUDWLRQV
WRLQFUHDVHDXWRPDWLRQDQGKXPDQLQGHSHQGHQF\SURFHVV WR
IDFLOLWDWH WKH GHFLVLRQPDNLQJ DQG XOWLPDWHO\ LQFUHDVH
SURGXFWLYLW\DQGHIILFLHQF\7RDFKLHYHVXFKREMHFWLYHLWZDV
LPSRUWDQWWRNQRZWKHFXUUHQWSURFHVVRIGHYHORSPHQWRI&),
DQG6:66RLWZDVGHILQHGYLVLWVHYHU\ZHHNWRWKHFRPSDQ\
WR PHHW WKH WHDP UHVSRQVLEOH RI WKLV GHYHORSPHQW LQ WKH
FRPSDQ\$YLVLWWRVKRSIORRUDOUHDG\RFFXUUHG
&),DQG6:6DUHLPSRUWDQWWRROVWKDWVXSSRUWSURGXFWLRQ
DQGSOD\NH\UROHVLQ3URFHVV(QJLQHHULQJ7KHPDLQSXUSRVHV
RI HDFK WRRO DUH  &), DUH FRPPRQO\ NQRZQ DV :RUN
,QVWUXFWLRQV DQG SURYLGH LQIRUPDWLRQ DERXW WKH VHTXHQFH RI
RSHUDWLRQVQHHGHGWRSHUIRUPDWDVNFRUUHFWO\6:6DOORZV
DQHIIHFWLYH OLQHEDODQFLQJDOORFDWLQJ WKH WDVNV WRRSHUDWRUV
DQGZRUNVWDWLRQV7KURXJKWKHXVHRI6:6LW LVSRVVLEOH WR
HVWDEOLVK DQ RSWLPL]HG VWDQGDUGZRUN VHTXHQFH WDNLQJ LQWR
DFFRXQW VHYHUDO FRQVWUDLQWV VXFK DV 7DNW 7LPH RSHUDWLRQ
WLPHDQGPRYHPHQWV6:6SURYLGHVUHOHYDQWLQIRUPDWLRQIRU
WKH PDQXIDFWXULQJ SURFHVV WKDW KHOSV WKH GHFLVLRQPDNLQJ
SURFHVV7KH&),DUHFUHDWHGPDQXDOO\WKURXJK(53V\VWHP
VHDUFKLQRUGHUWRREWDLQWKHSDUWQXPEHUVWKDWZLOOEHXVHGWR
DVVHPEOHWKHILQDOSURGXFWV7KLVSURFHVVLVVXSSRUWHGE\H[FHO
VKHHWVDQG&),PXVWFRQWDLQLQIRUPDWLRQDERXWWKHVHTXHQFH
RIRSHUDWLRQVWDVNVSDUWQXPEHUVEXIIHUVKDQGVXVHGWRGR
WKHRSHUDWLRQDQGTXDOLW\LQVWUXFWLRQV$IWHUWKHFUHDWLRQRIWKH
&),WKLVLQIRUPDWLRQLVGHOLYHUHGWRWKHVKRSIORRULQDSDSHU
EDVHG SURFHVV WKDW LV FKDUDFWHUL]HG E\ GHOD\V DQG HUURUV
VXVFHSWLELOLW\
,QRUGHU WRGHYHORS WKH6:6 WKH&), LQIRUPDWLRQDERXW
WKH RSHUDWLRQV VHTXHQFH LV ORDGHG LQ D GDWDVKHHW WKDW ZLOO
VXSSRUWWKH6WDQGDUG:RUNFUHDWLRQ$IWHUWKHORDGLQJRIWKH
LQIRUPDWLRQ UHJDUGLQJ WR RSHUDWLRQV VHYHUDO GDWD ZLOO EH
PDQXDOO\LQVHUWHGVXFKDVPDQXDODQGPDFKLQHWLPHVPRWLRQ
WLPHV WDNW WLPH SODQQHG F\FOH WLPH RYHUDOO HTXLSPHQW
HIIHFWLYHQHVV2((WLPHDYDLODEOHWRZRUNSHUVKLIWTXDQWLW\
WREHSURGXFHGDQGQXPEHURIDOORFDWHGZRUNHUV WR WKHMRE
7KHDERYHPHQWLRQHGIDFWRUVDUHWKHUHOHYDQWLQIRUPDWLRQWR
HODERUDWHDQRSWLPL]HG6WDQGDUG:RUNVHTXHQFH
7KHQH[WVWHSLVWRORDGWKHGDWDLQFOXGHGLQWKHGDWDVKHHW
DERYH GHVFULEHG LQWR WKH 6:6ZKLFK LV FRPSRVHG E\ ILYH
H[FHOVKHHWV6WDQGDUGZRUNPDQDJHPHQW$VVHPEO\OLQH
EDODQFLQJ  2SHUDWRUV DQG PDFKLQH WLPH FKDUWHU 
$VVHPEO\ OLQH OD\RXW  0DFKLQH FDSDFLW\ 7KHUHIRUH WKH
LQIRUPDWLRQSURYLGHGE\6:6KHOSVWKHUHVSRQVLEOHWHDPWR
FUHDWH WKH EHVW 6WDQGDUG :RUN RSWLRQ FRQVLGHULQJ WKH
FXVWRPHUGHPDQGVDQGWKHUHVRXUFHVDYDLODELOLW\
 7KLV EULHI GHVFULSWLRQ VKRZV WKDW FXUUHQWO\ WKHVH
SURGXFWLRQVXSSRUWWRROVDUHQRWDXWRPDWLFDOO\SHUIRUPHGDQG
WKH NQRZOHGJH UHJDUGLQJ &), SURGXFWLRQ TXDQWLWLHV DQG
UHVRXUFHVDYDLODELOLW\LVQRWDUWLFXODWHGLQUHDOWLPHGXULQJWKH
LPSOHPHQWDWLRQRI6WDQGDUG:RUN,WUHVXOWVLQDQLQHIILFLHQW
UHVRXUFHV XWLOL]DWLRQ DQG FRPSOLFDWHV WKH GHFLVLRQPDNLQJ
SURFHVV0RUHRYHUWKHJHQHUDWLRQRI&),DQG6:6UHTXLUHD
KLJKDPRXQWRIWLPHDQGUHVRXUFHVFRQVXPSWLRQDQGUHVXOWLQ
ORQJWDVNVVLQFHLWLQYROYHVDORWRIPDQXDORSHUDWLRQV
7KHPDLQFDXVHVRIWKHVHSUREOHPVDUHGXHWRWKHIDFWWKDW
WKH\ DUH KLJKO\ VXSSRUWHG E\ ([FHO ILOHV DQG WKH UHODWHG
SURFHGXUHV DUH FKDUDFWHUL]HG E\ D ODFN RI LQWHJUDWLRQ ZLWK
RWKHULQIRUPDWLFVV\VWHPVSDUWLFXODUO\ZLWK(53$VDUHVXOW
WKHVH IDFWV KDYH QHJDWLYH HIIHFWV RQ SURGXFW TXDOLW\ DQG
SURGXFWLYLW\ 'XH WR PDQXDO GDWD LQVHUWLRQ WKHVH ILOHV
IUHTXHQWO\FRQWDLQLQDFFXUDWHLQIRUPDWLRQ)XUWKHUPRUHQRQ
VWDQGDUGWRROVDQGODFNRIFRPPXQLFDWLRQEHWZHHQV\VWHPVGR
QRWDOORZDUHDOWLPHLQIRUPDWLRQXSGDWHZKLFKFDQOHDGWRD
KLJK HUURUV RFFXUUHQFH DQG RUGHU GHOD\V GXH WR RXWGDWHG
LQIRUPDWLRQFDXVHGE\FKDQJHV WKDWFDQQRWEHYLVXDOL]HGRQ
WLPH
7KHKLJKPDUNHWYDULDELOLW\UHTXLUHVDJLOLW\DQGFDSDELOLW\
WRLPSURYHSURFHGXUHVDQGDGRSWWKHEHVWSUDFWLFHVLQRUGHUWR
IDFH WKH KLJK FXVWRPHU UHTXLUHPHQWV DQG WKH XQFHUWDLQ
GHPDQG7KHLPSURYHPHQWDQGDXWRPDWLRQRIWKHVHWRROV&),
DQG6:6DUHFUXFLDOWRHQVXUHWKHGDWDDFFXUDF\DQGSURGXFWV
TXDOLW\ GHFUHDVLQJ WKH OHYHOV RI SURFHVV YDULDELOLW\ DQG
LUUHJXODULW\ DORQJ WKH YDOXH FKDLQ 2Q WKH RWKHU KDQG LW
UHSUHVHQWV DQ RSSRUWXQLW\ IRU WKH FRPSDQ\ WR LQFUHDVH LWV
FRPSHWLWLYHQHVV
7KHGHYHORSPHQWRIDGHFLVLRQVXSSRUWV\VWHPZKLFKZLOO
DOORZWRDXWRPDWLFDOO\SHUIRUP6WDQGDUG:RUNDQGJHQHUDWH
&),DQG6:6LVWKHVROXWLRQSURSRVHGIRUWKLVSURMHFWLQRUGHU
WRVROYH WKHSUREOHPV LGHQWLILHG&XUUHQWO\ WKHSURMHFW LV LQ
WKH SODQQLQJ VWDJHZKLFK FRPSULVHV WKH SUREOHP VWDWHPHQW
DQGWKHUHTXLUHPHQWVJDWKHULQJ7KHUHIRUHWKHVROXWLRQWREH
GHYHORSHG EHVLGHV DXWRPDWLQJ WKH 6:6 DQG&), WRROV DQG
SURFHVVHV VKRXOG HQVXUH WKH UHDOWLPH DFFHVV WR XSGDWHG
LQIRUPDWLRQ HDV\ DFFHVV WR DFFXUDWH LQIRUPDWLRQ DQG
RSWLPL]DWLRQ PHWKRGV LQWHJUDWLRQ ZLWK RWKHU FRPSDQ\
V\VWHPV DQG VXSSRUW LQ GHFLVLRQPDNLQJ SURFHVV 7KLV ZLOO
DOORZWRTXLFNO\UHFRQILJXUHWKHQXPEHURIZRUNVWDWLRQVDQG
FRZRUNHUVLQRUGHUWRRSWLPL]HWKHZRUNVHTXHQFHGXULQJWKH
GHYHORSPHQWDQGH[HFXWLRQRI&),DQGWKH6:6
7KHDXWRPDWHGJHQHUDWLRQRI6:6ZLOOEHEDVHGRQDWZR
SKDVHPHWKRGRORJ\7KHILUVWSKDVHZLOODGGUHVVWKHVHTXHQFH
RI RSHUDWLRQV DQG WKHLU DVVLJQPHQW WR WKH ZRUNVWDWLRQV WR
REWDLQDEDODQFHGZRUNDORQJDOOWKHVWDWLRQVFRQVLGHULQJWKH
GHVLUHG F\FOH WLPH 7KH VHFRQG SKDVH GHILQHV WKH 6:
DVVLJQLQJWRWKHRSHUDWRUVWKHRSHUDWLRQVDOUHDG\DVVLJQHGWR
ZRUNVWDWLRQV6LQFHWKHQXPEHURIRSHUDWLRQVLVJUHDWHUWKDQ
WKHQXPEHURIZRUNVWDWLRQVDQGWKHQXPEHURIZRUNVWDWLRQVLV
JUHDWHU WKDQ WKHQXPEHURIRSHUDWRUV W\SLFDOO\RQHVROXWLRQ
DVVLJQVPRUHWKDQRQHZRUNVWDWLRQWRWKHVDPHRSHUDWRUDQG
PXFKPRUHRSHUDWLRQVWRWKHVDPHRSHUDWRU
7KH UHDOSUREOHP RI VHWWLQJ ,)&V DGGUHVVHG LQ WKH ILUVW
SKDVHZLOOEHPRGHOHGDVDSURGXFWLRQOLQHEDODQFLQJSUREOHP
,Q WKLV PRGHO WKH VROXWLRQ RI WKH JHQHUDOL]HG DVVLJQPHQW
SUREOHPZLWKSUHFHGHQFHFRQVWUDLQWVEHWZHHQRSHUDWLRQVZLOO
EH WHVWHG$OWKRXJKWKH*HQHUDOL]HG$VVLJQPHQW3UREOHPLV
13KDUG LQ WKLV VWXG\ DPL[HG LQWHJHU OLQHDU SURJUDPPLQJ
PRGHO DQG LWV VROXWLRQ ZLWK WKH &3/(; VROYHU ZLOO EH
GHYHORSHG7KHDVVLJQPHQWSUREOHPRIRSHUDWLRQVWRRSHUDWRUV
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6: FRXOG EH PRGHOHG DV D URXWLQJ SUREOHP 953 ZLWK
FDSDFLW\ FRQVWUDLQWVZLWK WUDYHO WLPHV DQGSURFHVVLQJ WLPHV
WKDWZLOOEHVROYHGE\KHXULVWLFPHWKRGRORJ\1HYHUWKHOHVVD
GHHSHUVWXG\RIWKHWRROVUHYLHZHGDQGFRPSDQ\UHTXLUHPHQWV
IRUWKHUHTXLUHGV\VWHPZLOOEHGHYHORSHG
&RQFOXVLRQVDQG)XWXUH:RUN
7KLV FDVH VWXG\ UHSRUWV WKH ILUVW SKDVH RI D SURMHFW LQ
SURJUHVV GHYHORSHG LQ D SDUWQHUVKLS RI D FRPSDQ\ DQG D
XQLYHUVLW\7RDFKLHYHSURMHFW VXFHVVZHHNO\PHHWLQJVZLOO
FRQWLQXHDQGLWLVH[SHFWHGWKDWVFKRODUVKLSVKROGHUVZLOOZRUN
DW OHDVW VRPH GD\V HDFK ZHHN LQ WKH FRPSDQ\ 2WKHU
LQLWLDWLYHVDUHSODQQHGVXFKDVZRUNVKRSWRPDSWKHSURFHVV
DQG ZDVWHV 7KH GHYHORSPHQW RI DQ LQIRUPDWLFV V\VWHP WR
VXSSRUW WKHVH SURFHVVHV ZLOO EH FUXFLDO WR HQVXUH WKH
RUJDQL]DWLRQ¶V FRPSHWLWLYHQHVV SODFLQJ WKH FRPSDQ\ DW WKH
IRUHIURQW UHJDUGLQJ WR DJLOLW\ DQG SURFHVV RSWLPL]DWLRQ
'\QDPLF UHFRQILJXUDWLRQ UHFRQILJXUDEOH RI 6:6 ZLOO
GHPDQGDGHHSUHVHDUFKDQGDQHIILFLHQWWHDPZRUN
1HYHUWKHOHVV D ORW RI ZRUN PXVW EH GRQH VXFK DV DQ
H[WHQVLYH UHVHDUFK UHJDUGLQJ RSWLPL]DWLRQ DOJRULWKPV WKHLU
HIIHFWLYHQHVV DQG WKHLU DSSOLFDELOLW\ WR WKH JLYHQ SUREOHP
)XUWKHUPRUH WKH DXWRPDWLRQ RI &), DQG 6WDQGDUG :RUN
SURFHVVHVLVFUXFLDOLQRUGHUWRHQVXUHLQIRUPDWLRQDFFHVVLQ
UHDOWLPH$GGLWLRQDOO\WKHYLDELOLW\RIWKHLPSOHPHQWDWLRQRI
G\QDPLF&),ZLOOEHDVVHVVHGDVZHOODV WKH LQWHJUDWLRQRI
$XJPHQWHG5HDOLW\
$FNQRZOHGJHPHQWV
7KLVZRUNVLVVSRQVRUHGE\WKH3RUWXJDO,QFHQWLYH6\VWHP
IRU5HVHDUFKDQG7HFKQRORJLFDO'HYHORSPHQW3URMHFWLQFR
SURPRWLRQQL)$&725<DQGKDV
EHHQSDUWLDOO\VXSSRUWHGE\)&7±)XQGDomRSDUDD&LrQFLDH
7HFQRORJLDLQWKHVFRSHRIWKH3(VW8,'&(&
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